Abstract. Temperature is a very popular parameter in flow industry, so temperature control is an emphasis of process control. Fuzzy control is an important application filiation of fuzzy mathematics based on the theory fuzzy sets. This paper firstly analyzes the basic principles of fuzzy control, the structure selection of fuzzy controller and the design of fuzzy controller. Then, it explores the process of realization of fuzzy control based on PLC to provide some references for the relevant researchers.
Introduction
In the actual industrial process control system, it involves a lot of nonlinear, large time lag complex system, which makes it very difficult to establish the mathematical model, or it is impossible to model. In recent years, many new control methods have been put forward to deal with this kind of problem, and fuzzy control is one of them. Using fuzzy logic to control the experience of people summed up as a set of conditional statements with a qualitative description, then using fuzzy set theory, the quantitative, the controller can receive the person's experience, imitate the operation strategy, which formed the so-called fuzzy controller. This controller from the experience of the operator or the actual experimental results, rather than from the mathematical model, the manual operation can completely replace the uncertainty can be overcome, so that the system has higher reliability. More importantly, it can solve many problems which are difficult to be solved by the linear system theory. It is generally believed that the fuzzy control is a kind of control method which has better control effect for the system with delay and random disturbance. In the field of application of fuzzy control technology, the fuzzy controller is basically realized by personal computer, single chip microcomputer or special fuzzy control chip. In industrial control, programmable logic controller application is extremely wide, if the fuzzy control technology combined with PLC, using PLC to realize fuzzy controller, the fuzzy control will play a greater role in the industrial control. Now there are some PLC manufacturers have fuzzy control module for users to choose, but the price is very expensive. At present, in industrial applications, especially in process control, the programmable logic controller, if hardware based conventional control system, realized fuzzy controller using fuzzy control software programming, will reduce the cost of the system. At the same time, it has created the conditions for using the fuzzy control technology to transform the original conventional control method. multiplied by the quantization factor after each fuzzy reasoning, output K P , K I , and K D parameter tuning, complete control of the object. Can be widely used in such aspects as temperature control, flow control, motor speed control. The program will be tested in the temperature control. First, we get an accurate measurement of variable from e, according to the relationship of the fuzzy membership of fuzzy vector E, and then, according to the fuzzy relation determined by the membership function of fuzzy rules and input the actual experience of manual control model based on fuzzy vector and the output vector of the fuzzy theory to make fuzzy inference. One of the most critical steps is to summarize the experience of the operator into some rules, through fuzzy mathematics processing and storage to the computer, the formation of fuzzy control rules, and follow the fuzzy reasoning process of human brain, to determine the rule of inference.
Structure Selection of Fuzzy Controller. According to the characteristics of the controlled object, the fuzzy controller according to the structure is divided into a single input single output and multiple input multiple outputs (MIMO) two. As for some complex MIMO system is difficult to directly extract the control rules, so the method is commonly used in the MISO structure, and then use the 5150 design methods of designing the fuzzy controller, fuzzy multi variable control system decoupling. The design of fuzzy controller for the system is discussed in this study. Single variable fuzzy control system, usually the single variable fuzzy controller the number of input variables is called dimension fuzzy controller based on this, the general can be divided into one-dimensional single variable fuzzy controller fuzzy controller, fuzzy controller, fuzzy controller. Electric heater is the most commonly used equipment in process industry, and its temperature control is a key point of process control. The electric heater has large time delay, nonlinear and difficult to establish accurate mathematical model and so on. Therefore, the fuzzy control strategy is used to control the system. In general, a two-dimensional fuzzy controller in the control process not only on the feedback error of the controlled variable, but also on the feedback error change rate of the controlled variable, so as to ensure the stability of the system, and will not produce the oscillation phenomenon is the industrial application is ideal, is the most commonly used controller, so the following mainly for two dimension fuzzy controller the specific design method is given.
Design of Fuzzy Controller. T
The system uses two inputs and three outputs fuzzy controller. The input variables of the controller are temperature deviation e and deviation change rate ec are calculated by the following formulas:
Among the above formulas, * T is the given temperature value; t is the sampling period.
According to the principle of PID parameter, we establish the inference rule. The inference rule of KP is shown in Table 1 . 
Realization of Fuzzy Control Based on PLC
Program Design. Based on the SIEMENS STEP7 as a software programming environment, as far as possible the use of method of modular programming, in the software design process of the complete, according to the diagram and design the detailed function control program is part of the core of the whole work. Using MPI network communication between PC and PLC connected close communication in this study, the preparation of SETP7 program in the host computer, to achieve the PLC program through the MPI network. In order to the main program cycle, that is, the organization block OBI, concise and reasonable, the fuzzy query table query program using functional block nested program design method. Define a function block FB50, used to realize the fuzzy query function, in the OBI can call. Offset stored as 0 of the query program. The inputs of the fuzzy quantization procedure shows that the storage of E Mw22 quantitative value stored in MW32 is EC, the quantization value, first determine the line number, namely the use of MW22 on the quantitative range of values are compared to determine the corresponding operation output row, then activate the corresponding row column lookup procedure, namely column elements on the corresponding line of the comparison operation to determine the coincidence in the two-dimensional assignment control. Each row in the query program after the implementation of a conditional jump action, if a store of storage of electricity on M50#0, the program for the jump, the control output assignment procedure. This jump action significantly reduces the PLC query time.
Operation Results. The STEP7 software programming work and WinCC software configuration work together, achieve a complete set of fuzzy control system of experimental electric heater PCT process control experimental device based on the development of. By experiment we run the test without relying on accurate mathematical model under the condition of application of fuzzy control strategy for nonlinear, delay electric heater temperature control and the feasibility of object specific control effect, and use PLC to realize the feasibility and applicability of fuzzy control by software programming method. The results comparison of fuzzy control and traditional control are shown in Table 2 . Compared with the traditional PID control, the response of fuzzy control has a smaller overshoot, and the adjusting time is relatively short, depend on the object model is low, its quality control was significantly higher than the control performance index of traditional PDI, but also should be noted that although the fuzzy control in the dynamic response and internal inhibition the change of system parameters on the system output effect can achieve better effect. The control strategy which relies on expert experience is actually equivalent to a PD controller. Its design has a strong subjectivity, so simple fuzzy control although the structure is simple. There is a lack of performance in the steady state, as shown in the graph in response, the control effect will appear steady vibration slightly, it needs further to the fuzzy control and Pm control strategy and other combination of design and engineering fuzzy integrated control system used in the realization of the. But overall, based on the research process does not depend on the accurate model of the object, using PLC to realize fuzzy control strategy has achieved a better control of temperature, the experimental demonstration for the applicability of fuzzy control process of similar objects, and gives the concrete realization method of PLC programming reference.
Conclusion
Fuzzy control is a suitable method to solve the time-delay and nonlinear problem when it is difficult to establish accurate mathematical model of the control. PLC has the characteristics of reliable operation, simple operation and flexible development. It can be easily realized by software of fuzzy control strategy. This paper not only studies the temperature control problem, but also provides an ideal temperature control scheme for some similar industrial control occasions.
